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Hirt et al.” report an automated, high-throughput drug screening platform for organoid cultures to enable re-
purposing of previously approved drugs for pancreatic cancers harboring specific genetic alterations. The
pancreatic cancer organoid biobank also represents a valuable tool to uncover new drug-gene interactions

in pancreatic tumors.

Pancreatic cancer (PDAC) is one of the
most lethal human malignancies, with a
5-year survival rate less than 10%, and
where very few advances have been
made in terms of novel therapies.’
Indeed, classic chemotherapy still repre-
sents the treatment of choice for the
management of pancreatic cancer of all
stages. Over the last few years, an
improved understanding of the genomic
landscape of PDAC has begun to emerge,
raising hopes for the future of targeted
therapies against this devastating malig-
nancy.® Activating mutations of KRAS
have been found almost ubiquitously in
PDAC, and also inactivation of TP53,
SMAD4, and CDKN2A happens in more
than 50% of cases. While the small
GTPase KRAS could represent a very
useful actionable target, it has unfortu-
nately proven difficult to drug, despite
decades of studies. Only recently,
KRASG12C-specific  inhibitors  have
entered clinical development, and this re-
sulted in sotorasib as the first drug
approved by the Food and Drug Adminis-
tration (FDA) for the treatment of
KRASG12C-driven non-small cell lung
cancer.” Unfortunately, KRASG12C mu-
tants represent only 1% of KRAS muta-
tions in PDAC,° while for the most
frequent amino acid substitutions G12D
(41%), G12V (34%), and G12R (16%) tar-
geted inhibitors have not yet reached the
clinic. The identification of germline alter-
ations in BRCA1/2 and PALB2 in a subset
of PDAC patients, causing homologous
repair deficiency (HRD), has recently led
to the clinical approval of PARP inhibitors,

representing the first targeted therapy for
HRD-pancreatic cancer.® However, the
majority of alterations detected in PDAC
are a heterogenous mix of lower fre-
quency mutations. In light of this wide di-
versity, it becomes crucial to gain a
deeper understanding of gene-drug inter-
actions, in order to improve patient
recruitment criteria and success rate for
clinical trials for novel therapeutics.
Another obstacle to the discovery and
clinical progression of new treatment op-
tions for pancreatic cancer is the limita-
tion of the available experimental models.
Genetically engineered mouse models
and patient-derived xenografts have
been very valuable for the study of the
biology of pancreatic cancer, but they
are not necessarily suitable for larger
translational screening efforts. For this,
in vitro models have proven more versatile
and less time consuming. Traditionally,
monolayer cell lines have been used to
test therapeutic approaches. However,
translation of these studies into clinical
benefit has been extremely poor.”
Patient-derived organoids are 3D primary
cultures that have the advantage to main-
tain the cell types and architecture of the
organ of origin, and therefore constitute
an attractive model for translational
studies. In particular, it is not inconceiv-
able that tumors can exert different de-
pendencies, and therefore show different
vulnerabilities, when cultured in tridimen-
sional cultures, as opposed to mono-
layers. This has been shown already for
MAPK dependency, which is a pathway
virtually always altered in pancreatic can-

cer.® Hence, there is a need to study
PDAC in its tridimensional form.

In this issue of Cell Genomics, Hirt et al.
describe a newly derived pancreatic orga-
noids biobank, comprising 31 tumorand 9
healthy 3D cell lines, and use it to investi-
gate novel drug-gene interactions with
potential translational value. Importantly
for their objective, this organoid collection
proved to recapitulate the frequency of
driver genes mutations previously re-
ported by sequencing studies in patients.
Nevertheless, the question always re-
mains whether organoids can predict
drug response better as compared to
traditional monolayer cultures. To this
point, the authors show that the in vivo
response of PDAC models to the EGFR in-
hibitor erlotinib is better recapitulated in
the 3D in vitro cultures as compared to
2D cultures.

The authors also perform a remarkable
drug screening effort in two of their orga-
noids to search for compounds with an
anti-tumor effect in 3D. High-throughput
screenings in organoids have been notori-
ously difficult for reasons including the
laborious handling of cells in Matrigel,
the wide range of proliferation rates, the
instability of the organoid composition
that may affect drug response, and limita-
tions in the readouts that can be applied
to tridimensional cultures. Therefore, the
effort described by Hirt and colleagues
appears notable in scale, as for the
first time 1,172 FDA-approved com-
pounds were tested in multiple organoids.
Through this strategy, the authors identify
22 drugs with anti-cancer effects that

Cell Genomics 2, 100100, February 9, 2022 © 2022 The Author(s). 1
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).



mailto:s.mainardi@nki.nl
https://doi.org/10.1016/j.xgen.2022.100100
http://crossmark.crossref.org/dialog/?doi=10.1016/j.xgen.2022.100100&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

¢? CellPress

OPEN ACCESS

Pancreatic Organoids Biobank
A
OO
y e
£33 Cy
Qo’ § ’,\__' &0
JCQQOO
¢ 9

-

o S D &
D000
SO0

.
9]
%o

in vivo validation

personalized PDAC
treatment

drug repurposing library

genome editing

automated screening system

Figure 1. Graphical summary

Schematic overview of the techniques integrated by Hirt et al.," with the objective of improving person-
alized medicine for pancreatic cancer. Created with BioRender.com.

could be grouped into 8 common mecha-
nisms of action, and they proceed to vali-
date one compound per group in vivo.
Remarkably, 6 out of the 8 compounds
showed some anti-tumor activity in PDX
models. Interestingly, at least two of the
hits from the screening could not be vali-
dated in isogenic monolayer cultures,
again emphasizing the need for similar
screening platforms that address 3D-spe-
cific dependencies.

It is worth noting that none of the tar-
gets was more effective than the standard
of care gemcitabine. This suggests that
new target-discovery efforts are still
needed for pancreatic cancer. Neverthe-
less, it is not uncommon that targeted
therapies need to be administered in
combination in order to achieve a signifi-
cant anti-cancer effect.®'° Thus, drug-re-
purposing efforts such as the one
described in this paper could still hold
value to uncover novel compounds for
combinatorial use, as well as second-
line treatments effective in pre-treated
chemo-resistant specimens.

The search for novel drug-gene interac-
tions in pancreatic cancer also led the au-
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thors to some unexpected observations.
First, that BRCA2 mutations don’t confer
increased sensitivity to PARP inhibitors
in PDAC organoids. This is surprising giv-
ing that PARP inhibitors have been
approved for BRCA mutant HDR pancre-
atic cancer® and raises the question of
whether organoid-specific culture condi-
tions might still be too artificial and
masking some of the actual tumor depen-
dencies. It would be important for future
studies to validate how those BRCA2
mutant organoids respond to PARP inhib-
itors when grown in mice under more
physiological conditions. Second, the
authors find that, surprisingly, ARID1A
missense, but not null mutants, are spe-
cifically sensitive to ATR inhibitors. This
observation has potential translational im-
plications, in particular for the selection of
patients that could benefit from ATR in-
hibitors treatment and should motivate
further exploration of the molecular mech-
anisms underlying this finding. It is impor-
tant to point out that creating a gene
knockout in a cancer that never acquired
the loss of that gene during its natural his-
tory may not yield the same phenotype as
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a cancer that mutated that gene during its
development.'" Therefore, the results ob-
tained with cells with engineered muta-
tions must be interpreted with caution.

In conclusion, the paper by Hirt
et al. highlights the value of improved
technologies for 3D-culture-based, high-
throughput drug screening. When applied
to such compelling clinical needs as the
search for new treatments for pancreatic
cancer, and in combination with thorough
in vivo validation (Figure 1), this technol-
ogy has the potential to speed up the
bridging between bench and bedside,
for the benefit of PDAC patients.
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